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(54) Calcium silicate board and method of manufacture therefor 



(57) The object of tha present Invention is to improve 
the overall strength and interlaminar strength of a com- 
pact (green sheet) before hydrothermai reaction by us- 
ing aiunites, aiums and aluminum sulfate having a spec- 
ified specific surface area which does not require the 
addition of a setting retarder or a curing accelerator to- 
gether with a curing agent In order to provide a method 
of manufacture for a lightweight calcium silicate board 



which does not give rise to interlaminar peeling or burst- 
ing during hydrothermai reaction and to provide such a 
calcium silicate board. The method of manufacture lor 
a calcium sificate board according to the present inven- 
tion is characterized by use of one or more species se- 
lected from aiunites and alums with a Blaine specific sur- 
face area of 4000 cm^g or more or aluminum sulfate 
with a Blaine specific surface area of 2000 cnftg or 
more. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

The present invention relates to a calcium silicate board and a method of manufacture therefor, and in particular 
a lightweight (i.e., bulk specific gravity of 1.0 or less) calcium silicate board and a method of manufacture therefor: 

10 Description of the Prior Art 

Conventionally, calcium silicate boards have been widely used as a building material, chiefly for interior trimmings, 
because they are light, exceptionally easy to work with and dJmensionally stable, and they are nonflammable. The 
molding processes for calcium silicate boards include Hatschek sheet machine process, press molding, and single 
is byer molding, and the calcium silicate boards are manufactured from a compact formed from a raw material slurry, 
containnig calcareous material, siliceous material, and inorganic filler, generally by reacting and curing the compact 
with saturated water vapor in a pressure vessel. 

However, when manufacturing lightweight calcium silicate boards, particularly using the Hatschek sheet machine 
process, the interlaminar bonding within the compact Is weak before hydrothermal reaction and the water content is 
high. During hydrothermal reaction, this gives rise to thermal expansion of excess water and high vapor pressure, 
which in turn leads to problems of interiaminar peeling and bursting. 

Some of the methods used to overcome these problemsare presshgthecompactaftermolding and then subjecting 
it to hydrothermal reaction, or using a tumbuckie to squeeze the compact during hydrothermal reaction, but employment 
of these methods increases the bulk specific gravity and also Increases labor requirements. 
& Japanese Patent Laid-Open No. 1 -2870B3 discloses a method of removing excess water, but this method cannot 
be commonly used because it requires a special container or a vapor heater. 

In addition, in Japanese Patent AppScation Nos. 6-323225 and 7-501 3 the inventors of the present invention have 
proposed methods in which amorphous* siliceous material or silicate material, which reacts well with the calcareous 
material, is used as part of the siliceous material, or a curing agent such as Portland cement or granulated blast fumaca 
so slag Is added, but these methods use expensive materials and increase the bulk specific gravity 

Further, the inventors of the present invention have proposed production methods for lightweight calcium silicate 
boards in which the strength of the compact (green sheet) before hydrothermal reaction and the interiaminar strength 
thereof is increased, without the addition ol siliceous material or silicate material or of curing agents such as Portland 
cement or granulated blast furnace slag, by using hemihydrate gypsum (Japanese Patent Appln. No. 7-1 38040) <or 
35 anhydrous gypsum (Japanese Patent Appin. No. 7-1 69951 ) and interiaminar peeEng or bursting does not occur during 
hydrothermal reaction. 

However, when hemihydrate gypsum is used as a curing.agent hydration occurs extremely quickly if the hemihy- 
drate gypsum is used in slum/form and ft becomes necessary to add a setting retardertothesiuny. And when anhydrous 
gypsum is used as a curing agent it becomes necessary to add a curing accelerator to the slum/ but adding setting 
fj 40 retarders and curing accelerators and controlling me amounts added has made the manufacturing process for calcium 
silicate boards complicated. 

SUMMARY OF THE INVENTION 

4S Thus, the objects ol the present invention are to provide a method of manufacture for a lightweight caJcium silicate 
board which does not peel or burst during hydrothermal reaction by using alunites, alums, or aluminum sulfate having 
a specific surface area not requiring the addition of setting retarders or curing accelerators to the curing agent to 
increase the strength of the compact (green sheet) before hydrothermal reaction and the interiaminar strength thereof, 
and to provide such lightweight calcium silicate boards. 
so The present invention provides a method of manufacturing a lightweight calcium silicate board consistkig of hy- 
drothermal ly reacting in a pressure vessel a compact obtained by laminating, using the Hatschek sheet machine proc- 
ess, a raw material slurry containing as its solid content 17 to 50 percent by weight of calcareous material, 15 to 45 
percent by weight of siliceous material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight of 
inorganic fillers, characterized in that said raw material slurry contains 2 to 20 percent by weight of one or. more species 
ss selected from alunitea and alums with a Blaine specific surface area of 4000 cmftg or more or aluminum sulfate with . 
a Blaine specific surface area of 2000 cm^g or more, and the compact obtained by Hatschek sheet machine p recess 
is subjected to primary cunhg under conditions where 
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(curing temperature - 15 a C) x curing time £ 120 D C • hr /- (1 ) 

and is then hydrothermally reacted. 

s Further, the present invention provides a method of manufacturing a lightweight calcium silicate board consisting 

of hydrothermally reacting In a pressure vessel a compact obtained by faminating, using the Hatschek sheet machine 
process, a raw material slurry containing as Its soQd content 17 to 50 percent by weight of calcareous material, 15 to 
45 percent by weight of siliceous material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight 
of inorganic fillers, characterized in that at least one of the slurries in the first and last slurry tanks of a cylinder mesh 

io type Hatschek sheet machine is said raw material slurry with 2 to 20 percent by wel^it of one or more species selected 
from aJunifes and alums with a Blaine specific surface area of 4000 crrftg or more or aluminum sulfate with a Blaine 
specific surface area of 2000 cm 2 /g or more added to it, and the compact obtained by Hatschek sheet machine process 
is subjected to primary curing under conditions where 



75 



45 



60 



(curing temperature - 15*C) x curing time £ 120°C • hr (1) 



and is then hydrothermally reacted. 

• In addition, the present invention provides a method of manufacturing a lightweight calcium siDcate board consisting 

2Q of hydrothermally reacting in a pressure vessel a compact obtained by laminating, using the Hatschek sheet machine 
process, a raw material slurry containing as its solid content 17 to 50 percent by weight of calcareous material, 15 to 
45 percent by weight of siliceous material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight 
of inorganic fillers, characterized In that one or more species selected from aiunltes and alums with a Blaine specific 
surface area of 4000 crrr^g or mare or aluminum sulfate with a Blaine specific surface area of 2000 crrr^/g or more is 

2S or are applied to the extracted film In a powder or slu rry form at a rate of 3 to 50 g/m 2 by dry solid content between the 
making roll and the return roll of the Hatschek sheet machine until the laminate attains a specific thickness, and then 
the compact obtained by Hatschek sheet machine process Is subjected to primary curing under conditions where 

^ (curing temperature - 15'C) xcuring timB £ 120°C • hr (1) 

and is then hydrothermally reacted. 

Further, the present invention provides a method of manufacturing a lightweight calcium silicate board consisting 
of hydrothermally reacting in a pressure vessel a compact obtained by laminating, using the Hatschek sheet machine 

35 process, a raw material slurry containing as its solid content 17 to 50 percent by weight of calcareous material, 15 to 
45 percent by weight of siliceous material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight 
of inorganic fillers, characterized in that the slurry in either the first or the last slurry tank of a cylinder mesh type 
Hatschek sheet machine process contains more than 20 percent by weight but less than 98 percent by weight of one 
or more species selected from alunites and alums with a Blaine specific surface area of 4000 crriVgor more or aluminum 

40 sulfate with a Blaine specific surface area of 2000 cm 2 /g or more, 2 to 8 percent by weight of fibrous material, and less 
than 78 percent by weight of one or more species selected from a group consisting of calcareous material and inorganic 
lillers, and is extracted within the scope of 



(a)/(b)x10O=:1to10 (2) 

and 

(a)/(b)x1Q0x(c) = 50to400 (3) 



wherein (a) is the extracted thickness of said slurry, (b) is the total extracted thickness extracted by the felt of a cylinder 
mesh type Hatschek sheet machine In one revolution, and (c) is the ratio (h percent by weight) of alunites, alums and 
aluminum sulfate in said slurry, and the compact obtained by Hatschek sheet machine process is subjected to the 
ss primary curing under conditions where 

(curing temperature - 15*C) x curing time £ 120°C • hr (1) 
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and id then hydrothermaUy reacted. 

In addition, the present invention provides a lightweight calcium silicate board (hereinafter simpJy "calcium silicate 
board") characterized in that ft is a calcium sQfcate board manufactured according to one of the above manufacturing 
methods and its intertaminar peeling strength is at least 3 percent of its fiexuraJ strength. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an Illustration of one example of a cylinder mesh type Hatschek sheet machine which could be used for 
the third embodiment of the present invention. 

10 

PREFERRED EMBODIMENTS 

The basic composition of the raw material slurry used in the method of manufacture of calcium silicate boards 
according to the present invention is a conventional one containing 17 to 50 percent by weight of calcareous material, 
is 15 to 45 percent by weight of siliceous material. 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by 
weight of inorganic filters as its solid content 

Here, examples of the calcareous material that can be used include, for example, slaked lime or quicklime, it Is 
not desirable for the proportion of calcareous material to be less than 1 7 percent by weight or greater than 50 percent 
by weight because fiexuraJ strength diminishes and dimensional variance increases due to water absorption. 
to Further, examples of the siliceous materiaJlhat can be used include, for example, silica sand, diatomaceous earth, 

or fly ash. it is not desirable for the proportion of siliceous material to be less than 1 5 percent by weight or greater than 
45 percent by weight because flexural strength diminishes and dimensional variance increases due to water absorption. 

Further, within the ratios given above for calcareous and siliceous materials 2 to 20 percent by weight of calcareous 
material and 2 to 25 percent by weight of silteeoua material can be used In gel form. An example of gelation conditions 
& would be 75 to 180°C for 1.5 to 4 hours. 

In addition, examples of the fibrous material that can be used include, for example, cellulose fiber, polypropylene, 
viny ton, glass fiber, carbon fiber and the like. It is not desirable for the ratio of fibrous material to be less than 2 percent 
by weight because f iexu ral strength diminishes, or to be greater than 8 percent by weight because flame resistance is 
lost. Further, it Is desirable to keep the ratio of polypropylene, vinylon, glass fiber, carbon fiber and the like at 5 percent 
30 by weight or less if th ey are used. 

Further, examples ot the inorganic fillers that can be used include, for example, perlite, wollastcnite, mica, talc, 
calcium carbonate, gypsum and the like, it is not desirable for the ratio of inorganic fillers to be less than 5 percent by 
weight because dimensional varsance increases due to water absorption, or to be greater than 40 percent by weight 
because flexural strength diminishes. 
35 The method of manufacturing a calcium silicate board according to the present invention is characterized by the 

following four processes: 

According to the method of manufacture as it relates to the first embodiment of the present Invention, it is possible 
to manufacture a calcium silicate board by adding 2 to 20 percent by weigjht of one or more species selected from 
aiunites and alums with a Bfcine specific surface area of 4000 crn^g or rnore or aluminum sulfate with a Blaine specific 

40 surface area of 2000 cm 2 /g or more to a raw material slurry having the previously mentioned ratio of components, and 
laminating and molding said raw material slurry using the Hatschek sheet machine process, next inducing the calcium 
originally contained in the calcareous material to react with the aiunites, alums, andfor aluminum sulfate by primary 
curing of the compact thus obtained, and then subjecting the compact to hydrothermal reaction. 

In other words, the raw material siurry used in the first embodiment contains as its solid content 17 to 50 percent 

as by weight of calcareous material, 1 5 to 45 percent by weight of siliceous material, 2 to 8 percent by weight of fibrous 
material, and 5 to 40 percent by weight of Inorganic fillers, and 2 to 20 percent by weight of one or more species 
selected from aiunites and alums with a Blaine speeffic surface area of 4000 crri*/g or more or aluminum sulfate with 
a Blaine specific surface area of 2000 crrrtg or more. Here, it Is not desirable for the ratio of aiunites, alums! and/or 
aluminum sulfate to ba less than 2 percent by weight because the interiaminar strength of the green sheet is poor, or 

so to be greater than 20 percent by weight because fiexuraJ strength diminishes. An addition of 5 to 15 percent by weight 
is preferable. 

In the present Invention, aiunites with a Blaine specific surface area ot 4000 cirftg or more means aiunites con- 
taining potassium and/or sodium. It is not desirable for the Blaine specific surface area of the aiunites to be less than 
4000 cm^g because reactivity with the calcium from the calcareous material is poor, the strength of the green sheet 
ss is insufficient, and peeling occurs. Further, alums with a Blaine specific surface area of 4000 cn#g or more means 
alums containing potassium and/or sodium, it is not desirable for the Blaine specific surface area of the aiunites to be 
less than 4000 crr^/g because reactivity with the calcium from the calcareous material is poor, the strength of the green 
sheet is insufficient, and peeling occurs. In addition, it is not desirable for the Blaine specific surface area of the alu- 
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minum sulfate to be lees than 2000 crrrVg because reactivity with the calcium from the calcareous material is poor, the 
strength of the compact (green sheet) immediately after the Hatschek sheet machine process is insufficient, and peeling 
occurs. 

According to the first embodiment of the present Invention, a raw material slurry having the above composition is 

5 used to make a compact (green sheet) by the Hatschek sheet machine process. Any conventional process can be 
substituted for the Hatschek sheet machine process and the invention Is not limited thereto. 

In the first embodiment of Ihe present invention, the compact obtagied in the above manner is not immediately 
subjected to hydrothermal reaction, it is first cured. Primary curing is carried out under the following conditions: 

10 

(curing temperature - 15°C} x curing time S 120*C • hr (1) 

Here, it Is not desirable for the primary curing conditions, i.e., the value of equation (1), to be less than 120*C « hr 
because the compact cannot attain sufficient strength due to inadequate curing. Primary curing requires a curing tem- 
15 perature greater than 15*0 and it is preferable to carry out primary curing under condWons of 180'C. hrwtlh the curing 
temperature in the range of 30 to 80° C. 

After the compact has been subjected to primary curing under the aforementioned conditions, it can be made Into 
a calcium silicate board by hydration under conventional hydrothermaJ conditions and subsequent conventional 
processing. Hydrothermal reaction can be carried out In a pressure vessel under saturated water vapor pressure at 
20 150 to 200°C, and preferably at 170 to 190°C t for 5 to 20 hours, preferably for 8 to 12 hours. 

Next, according to the method of manufacture as it relates to the second embodiment of the present invention, it 
is possible to manufacture a calcium silicate board by laminating and molding a raw material slurry having the basic 
composition mentioned above using the Hatschek sheet machine process with at least one of the slurries in the first 
and last slurry tanks of a cylinder mesh type Hatschek sheet machine being the aforementioned raw material slurry 
25 with 2 to 20 percent by weight of one or more species selected from aiunites and alums with a Blaine specific surface 
area of 4000 cm 2 /g or more or aluminum sulfate with a Blaine specific surface area of 2000 crrftg or more added to 
it, next hydrating the alunftes, alums, and/or aluminum sulfate by primary curing of the compact obtained using the 
Hatschek sheet machine process, and then subjecting the compact to hydrothermal reaction. 

in other words, in the second invention a slurry of similar composition to the raw material slurry used In the afore- 
30 mentioned first invention is used as the slurry in the first and/or tast slurry tanks of a cylinder mesh type Hatschek sheet 
machine. Here, it is not desirable for the ratio of aiunites, alums, andfor aluminum sulfates In the slurry used in Ihe first 
and/or tast slurry tanks to be less than 2 percent by weight of the solid content because the intertaminar strength of 
the green sheet manifests itself poorly, or to be greater than 20 percent by weight because f lexural strength diminishes. 

According to the second invention of the subject invention, a slurry made by adding aiunites, alums, and/or alu- 

6 minum sulfates to a raw material slurry of basic composition is placed in the first and/or last slurry tanks of a cylinder 
mesh type Hatschek sheet machine and laminated and molded using the Hatschek sheet machine process. The place- 
ment of this slurry into the first and/or last slurry tanks of the Hatschek sheet machine is not limited in any way and, 
for example, a slurry with a different mixture ratio may be made in another box and transferred from a specialized 
chest, or the aiunites, alums, and/or aluminum su Hates can be added to another slurry in a conduit between the chest 

*o and the slurry tank. 

Next, according to the method of manufacture as it relates to the third embodiment of the present invention, it is 
possible to manufacture a calcium sSicate board by laminating and molding a raw material slurry having the basic 
composition mentioned above using the Hatschek sheet machine process, applying aiunites, alums, and/or aluminum 
sulfatB lo the extracted film in a powder or slurry form at a rate of 3 to 50 g/m 2 by d ry solid content between the making 

4S roll and the return roll of the Hatschek sheet machine until the laminate attains a specific thickness, next hydrating the 
aiunites, alums, and/or aluminum sulfate by primary curing of the compact obtained using the Hatschek sheet machine 
process, and then subjecting the compact to hydrothermal reaction. 

It is not desirable for the distribution of aiunites, alums, and/or aluminum sulfates to be (ess than 3 g/m 2 by dry 
solid content because the Inter laminar strength of the green sheet Is poor, or for said distribution to be greater than 50 

so g/m 2 because a layer of aiunites, alums, and/or aluminum sulfates forms, cracks develop on drying, and flexu ral strength 
diminishes. 

Further, the concentration of dry solid content in the distributing slurry is not imited in any way, but it is preferable 
for concentration of dry solid content to be slightly higher than the concentration of dry solid content of slurry generally 
used in the Hatschek sheet machine'process, usually 5 to 20 percent by weight but preferably € to 1 5 percent by weight. 
ss An example of a cylinder mesh type Hatschek sheet machine which could be used In the third embodiment of the 
present invention is shown in Figure 1. According to this cylinder mesh type Hatschek sheet machine, a green sheet 
is made by transferring a slurry (7) to an extractor felt (3) by a circular mesh cylinder (8) disposed in a slurry tank (6), 
this operation being repeated as many times as there are slurry tanks (or circular mesh cylinders) to form an extracted 
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film (4), then winding this extracted film (4) around a making rofl (1) a specific number of times until ifrattains a specific 
thickness, and cutting it. Because peeling and bursting generally occurs between the successive layers of film super- 
posed on each other on the making roll (1 ), it is possible to Improve the adhesion (Intertaminar stren gth) between said 
layers of film, and thus prevent pealing and bursting, by disposing an application device (5) between me return roll (2) 
and the making roll (1) and applying aiuniles, alums, and/or aluminum sulfate in a powder or slurry fomi. 

Next, according to the method of manufacture as rt relates to the fourth embodiment of the present Invention, it is 
possible to manufacture a calcium silicate board by laminating and molding a raw material slurry having the basic 
composition mentioned above using the Hatschek sheet machine process with the slurry In either the first or the last 
slurry tank of a cylinder mesh type Halschek sheet machine containing more than 20 percent by weight but (ess than 
98 percent by weight of aiunites, alums and/or aluminum sulfate, 2 to fl percent by weight of fibrous material, and less 
than 78 percent by weight of one or more species selected from a group consisting of calcareous material and inorganic 
tillers, being extracted within the scope of 



(a)/(b)x 100 = 1 to 10 



(2) 



and 



(ay(b)xl00x{c) = 50to400 (3) 

wherein (a) is the extracted thickness of said slurry, (b) Is the total extracted thickness extracted by the felt of a cylinder 
mesh type Hatschek sheet machine In one revolution, and (c) is the ratio (In percent by weight) of aiunites, alums and 
aluminum sulfate in said slurry, next hydraling the aiunites, afurns, and/br aluminum sulfate by primary curing of the 
compact obtained using the Hatschek sheet machine process, and then subjecting the compact to hydrothermal re- 
action. It is not desirable for the values shown in expression (2) to be less than 1 because adhesion between the layers 
of the film diminishes, and further, It is not desirable for the values shown in expression (2) to be greater than 10 
because there is a tendency for the strength to decrease. Further; it is not desirable for the values shown in expression 
(3) to be less than 50 because adhesion between the layers of the film diminishes, and further, rt is not desirable for 
the values shown in expression (3) to be greater than 400 because there is a tendency for the strength to decrease. 

Calcium silicate boards manufactured according to the methods of manufacture as they relate to the first through 
fourth inventions of the present invention show extremely superior values for interlaminar peeling strength which is at 
least 3% of their flexural strength. Fiexural strength has been evaluated according to JIS A 5418 using a No. 3 test 
piece, and tests for interlaminar peeling strength were carried out on a 30 x 30 mm test piece. 

As can be seen from the above descriptions, using the method of manufacture for a calcium silicate board according 
to the present invention, it is possfole to Improve the overall strength and intertaminar strength of the compact before 
hydrothermal reaction if the compact is formed from a raw material slurry by the Hatschek sheet machine process, and 
thus it is possible to prevent peeling and bursting of the compact during hydrothermal reaction as well as to improve 
the interlaminar peeling strength of the calcium silicate board thus obtained 

EXAMPLES 

Example 1 

Materials were blended in the ratios shown in Table 1, mixed with 12 times as much water and stirred. The gel 
was synthesized from 10 percent by weight of slaked lime and 10 percent by weight of diatomaceous earth (weight 
ratio 1:1 ) at 90'C for 2 hours. Water was further added to the mixture thus obtained to form a raw material slurry with 
a solid content of 3 percent by weight, and compacts were extracted to a thickness of 6 mm. 

Next, the obtained compacts (green sheets) were subjected to' primary curing In a moist atmosphere under the 
conditions shown in Table 1 , then subjected to hydrothermal reaction in saturated water vapor an a pressure vessel at 
180*0 for 10 hours. 

Table 1 shows the bulk specific gravity, flexural strength, and interlaminar peeling strength (all in absolute dry 
condition) after hydrothermal reaction. 

In the subject example, the Blaine specific surface area of Alunite #1 was 1 0200 cmfrg, the Blaine specific surface 
area of Alunite #2 was 3720 crrf/g, the Blaine specific surface area of Atum #1 was 4260 cm 2 /^ the Blaine epedflc 
surface area of Alum #2 was 3150 cmVg, the Blaine specific surface area of Aluminum Sulfate #1 was 2630 crrrVg, 
and the Blaine specific surface area of Aluminum SuBate #2 was 1840 crrftg. 
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TablB 1 <" 







Examples 


Comparative Examples 


5 




1 


2 


a 


4 


1 


2 


3 


4 


5 


6 


7 




Blending Ratio (wt%): 






Slaked lime 


31 


25 


27 


29 


32 


20 


27 


29 


31 


30 


31 




Silica sand 


30 


24 


27 


23 


31 


19 


27 


28 


30 


28 


30 


10 


Gel 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 




Wollastonite 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 




Pulp 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 




Glass fiber 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




Alunrts #1 


3 






1 


1 






1 








IS 


Alunite #2 


















3 








Aium #1 




15 




6 




25 




6 










Alum #2 




















5 






Aluminum Sulfate #1 






10 








10 










20 


Aluminum Sulfate #2 






















3 




Primary Curing: 




Temp. (°C) 


50 


30 


80 


50 


50 


30 


30 


50 


50 


30 


80 




Time (hrs) 


6 


a 


6 


6 


6 


8 


6 


3 


6 


8 


6 


25 


Value for Equation (1) 


210 


120 


390 


210 


210 


120 


90 


105 


210 


120 


390 




Buik specific gravity 


0.63 


0.62 


0.63 


0.64 


0.62 


0.63 


0,61 


0.61 


0.62 


0.63 


0.63 




Flexural strength (kg/cm 2 ) 
*1 


98 


93 


94 


98 


82 


71 


74 


78 


73 


82 


78 


3D 


interlaminar peeling 


7.1 


8.5 


9.3 


9.1 


1,4 


8.8 


1.1 ! 


0.9 


1.0 


2.2 


1.8 




strength (kg/cm 2 ) *2 


























•2T1X100 


7.2 


9.1 


9.9 


9.3 


1.7 


12.4 


1.5 


1.2 


1.4 


Z7 


2.3 




Peeling during 


No 


No 


No 


No 


Yes 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


35 


hydrothermal reaction 

























Example 2 



Materials were blended in the ratios shown in Table 2, mixed with 12 limes as much water and stirred. The geJ 
was synthesized from 10 percent by weight of slaked lime and 10 percent by weight of dlatomaceous earth (weight 
ratio 1:1) at 90*C lor 2 hours. Water was further added to the mixture thus obtained to form a raw material slurry with 
a solid content of 3 percent by weight, in addition, a different siunry with a solid content of 1 0 percent by weight prepared 
as descrbed in Table 2 was used in the first slurry tank (shown as a 1 in Table 2) and/or the last shiny tank (shown as 
a 4 an Table 2) and compacts ware extracted to a thickness of 6 mm. 

Next, the obtained compacts (green sheets) were subjected to primary curing In a moist atmosphere under the 
conditions shown In Table 2, then subjected to hydrothermal reaction in saturated water vapor in a pressure vessel at 
160 g C for 10 hours. 

Table 2 shows the bulk specific gravity, flexural strength, and Interlaminar peeling strength (ail in absolute dry 
condition) after hydrothermal reaction. 

In the subject example, the Blaine specific surface area of the al unite was 10200 cmP/g, toe Blaine specific surface 
area of the aium was 4260 cnttg, and the Blaine specific surface area of the aluminum Sulfate was 2630 crnZ/g. 
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Table 2 







Examples 


Comparative Examples 


5 




1 


2 


3 


4 


1 


2 


3 




Blending Ratio (wt%); 




Slaked lime 


32 


32 


32 


32 


32 


32 


32 




Silica sand 


31 


31 


31 


31 


31 


31 


32 


W 


Gel 


20 


20 


20 


20 


20 


20 


20 




Wollastonite 


10 


10 


10 


10 


10 


10 


10 




Pulp 


6 


6 


6 


6 


6 


6 


6 




Glass fiber 


1 


1 


1 


1 


1 


1 


1 


16 


Blending Ratio in first and/or last slurry tank (wt% 






Slurry lank No 


1&4 


1 


4 


4 


144 


1 


4 




Alunite 


3 






5 


1 








Alum 




15 




5 




25 




20 


Aluminum Sulfate 






10 








10 


Slaked lime 


31 


27 


28.5 


28.5 


31.5 


24 


28.5 




Silica sand 


30 


26.5 


28 


28 


30.5 


2as 


28 




Gel 


19.5 


17 


18 


18 


20 


15 


18 




Wdtastcnite 


9.5 


8.5 


9 


9 


10 


7.5 


9 


25 


Pulp 


6 


5 


5.5 


6,5 


6 


4.5 


5.5 




Glass fiber 


1 


1 


1 


1 


1 


0.5 


1 




Primary Curing: 




Temp. ( a C) 


50 


30 


80 


30 


50 


30 


30 


30 


Time (hrc) 


6 


8 


6 


8 


6 


8 


6 




Value for Equation (1 ) 


210 


120 


390 


120 


210 


120 


90 




Bulk specific gravity 


0.63 


0,61 


0.61 


0.63 


0.64 


0.61 


0.63 


35 


Flexural strength (kgfcm 2 )*! 


102 


87 


92 


96 


75 


72 


81 


Interiamlnar peeling strength (kg/cm 2 )*2 


7.2 


6.9 


6.6 


7.1 


1.2 


9.0 


11 




*2/*1 X100 


7.1 


7.9 


7.2 


7.4 


1.6 


12.5 


| 1.4 




Peeling during hydrothermal reaction 


No 


No 


No 


No 


Yes 


No 


Yes 



40 Example 3 



Materials were blended in the ratios shown in Table 3, mixed with 12 times as much water and stirred The gel 
was synthesized from 10 percent by weight of slaked lime and 10 percent by weight of dlatomaceous earth (weight 
ratio 1 : 1 ) at 90°C for 2 hours. Water was further added to the mixture thus obtained to form a raw material slurry with 
45 a solid content of 3 percent by weight, and compacts were extracted to a thickness of 6 mm. Durfng extraction, alunite, 
alum and aluminum sulfate were applied to the extracted film between the return roll and the making roll In a powder 
or slurry form In the amounts shown In Table 3. The slurry used had a solid content of 10 percent by weight 

Next, the obtained compacts (green sheets) were subjected to primary curing in a moist atmosphere under the 
conditions shown in Table 3, then subjected to hydrothermal reaction in saturated water vapor in a pressure vessel at 
so 180° C for 10 hours. 

Table 3 shows the bulk specific gravity, flexural strength, and interbminar peeling strength (all In absolute dry 
condition) after hydrothermal reaction. 

In the subject example, the Blaine specific surface area of the alunite was 10200 cmp/g, the Blaine specific surface 
area of the alum was 4260 crn^g, and the Blaine specific surface area of the aluminum Sulfate was 2630 crn^g. 

55 
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Table 3 



10 



IS 



20 



30 





Examples 


Comparative Examples 




1 


2 


3 


4 


1 


« 


3 


Blending Ratio (wt%): 


Slaked lima 


32 


32 


32 


32 


32 


32 


32 


Silica sand 


32 


32 


32 


32 


32 


32 


32 


Gei 


20 


20 


20 


20 


20 


20 


20 


Wollastonite 


10 


10 


10 


10 


10 


10 


10 


Pulp 


5 


5 


5 


5 


5 


5 


5 


Glass fiber 


1 


1 


1 


1 


1 


1 


1 


Application condition: 


(P-powder; S=slurry) 


P 


S 


P 


P 


P 


S 


P 


Alunite (g/m 2 ) 


3 






10 


3 






Alum (g/rn 2 ) 




10 




10 




1 




Aluminum Sulfate 






40 








60 


Primary Curing: 


Temp. (°C) 


50 


50 


30 


50 


30 


50 


30 


Time (hrs) 


6 


6 


8 


6 


6 


6 


8 


Value for Equation (1) 


210 


210 


120 


210 


90 


210 


120 


Bulk specific gravity 


0.63 


0.62 


0.64 


0.63 


0.61 


0.62 


0.65 


Flexural strength (kg/cm 2 }*! 


97 


90 


82 


86 


74 


75 


70 


Interlaminar peeling strength (kg/cm 2 )*2 


6.9 


7.8 


8.0 


7.1 


1.1 


0.9 


4.2 


*2T1 x 100 


7.1 


8.7 


9.8 


8.3 


1.5 


1.2 


6.0 


Peeling during hydrotherrnal reaction 


No 


No 


No 


No 


Yes 


Yes 


No 


Cracked when dry 


No 


No 


No 


No 


No 


No 


Yes 



Example 4 



05 



40 



4S 



Materials were blended in the ratios shown in Table 4, mixed with 12 times as much, water and stirred. The gel 
was synthesized from 10 percent by weight of slaked lime and 10 percent by weight of diatomaceous earth (weight 
ratio 1 :1) at 90°C tor 2 hours. Water was further added to the mixture thus obtained to form a raw material slurry with 
a solid content of 3 percent by weight. In addition, a raw material slurry with a solid content of approx. 2 percent by 
weight was blended and mixed in the same way and placed in either the first or the last slurry tank, and compacts were 
extracted to a thickness of 6 mm. 

Next, the obtained compacts (green sheets) were subjected to primary curing tn a moist atmosphere under the 
conditions shown in Table 4, then subjected to hydrotherrnal reaction in saturated water vapor In a pressure vessel at 
180°C for 10 hours. 

Table 4 shows the bulk specific gravity, flexural strength, and interlaminar peeling strength (all in absolute dry 
condition) after hydrotherrnal reaction. 

In ihe subject example, the Blaine specific surface area of the alunite was 10200 cmP/g, the Blaine specific surface 
area of the alum was 4260 crrftg, and the Blaine specific surface area of the aluminum Sulfate was 2630 crrftg. ' 



Table 4 



£0 



ss 





Examples 


Comparative Examples 




• 


• 


4 


• 




3 


4 


Blending Ratio (wt%): 


Staked lime 


32 


32 


32 


32 


32 


32 


32 


32 


Silica sand 


32 


32 


32 


32 


32 


32 


32 


32 


Gel 


20 


20 


20 


20 


20 


20 


20 


20 
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Table 4 (continued) 





Examples 


Comparative Examples 




1 


2 


3 


! 4 


1 


2 


3 


4 


Blending Ratio (wt%): 


Wollastonite 


10 


10 


10 


10 


10 


10 


10 


10 


Pulp 


5 


5 


5 


5 


5 


5 


5 


5 


Glass fiber 


1 


1 


1 


1 


1 


1 


1 


1 


Blending Ratio in first or fourth slurry tank (wt%): 


Slurry tank No. 


4 


4 


1 


4 


4 


4 


1 


4 


AJunite 




40 




35 




40 




35 


Alum 


95 






35 


95 






35 


Aluminum Sulfate 






22 








22 




Slaked lime 




S3 


25 






53 


25 




Calcium carbonate 






50 


25 






50 


25 


Pulp 


5 


7 


3 


5 


5 


7 


3 




Value for equation (2) 


3 


1.5 


8 


5 


3 


0.5 


12 


6 


Ratio of curing agent (%) 


95 


40 


22 


70 


95 


40 


22 


70 


Value for equation (3) 


286 


60 


176 


350 


285 


20 


264 


420 


Primary Curing: 


Temp. (°C) 


30 


50 


50 


30 


30 


50 


50 


30 


Time (hrs) ■ 


8 


6 


6 


8 


6 


6 


6 


8 


Value for Equation (1) 


120 


210 


120 


120 


90 


210 


210 


120 


Bulk specific gravity 


0.63 


0.63 


0.65 


0.64 


0.62 


0.63 


0.63 


0.64 


Fiexural strength (kg/cm 2 )*! 


93- 


93 


87 


89 


81 


72 


67 


73 


Interlaminar peeling strength (kg/cm 2 )*2 


7.8 


7.5 


6.1 


8.0 


1.2 


1.0 


3.0 


5.8 


*2Tlx100 


8.4 


7.7 


7.0 


9.0 


1.5 


1.4 


4.5 


7.9 


Peeling during hydrothBrmal reaction 


No 


No 


No 


No 


Yes 


Yes 


No 


Yes 



35 

Claims 



1 - A method of manufacturing a lightweight calcium silicate board consisting of hydrothermaily reacting in a pressure 
vessel a compact obtained by laminating, using the Hatschek sheet machine process; a raw material slurry con- 
taining as its solid content 1 7 to 50 percent by weight of calcareous material, 15 to 45 percent by weight of siliceous 
material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight of inorganic ffll ere, characterized 
in thai the raw material slurry contains 2 to 20 percent by weight of one or more species selected from alunites 
and alums with a Blaine specific surface area of 4000 c/r#g or more or aluminum sulfate with a Blaine specific 
surface area of 2000 crrftg or more, and the compact obtained by Hatschek sheet machine process is subjected 
to primary curing tinder conditions where 



(curing temperature - 15"C) x curing tkne & 120 B C « hr (i) 
and then is hydrothermaily reacted. 

2. A method of manufacturing a lightweight calcium silicate board consisting of hydralhermally reacting in a pressure 
vessel a compact obtained by laminating, using the Hatschek sheet machine process, a raw material stuny con- 
taining as its solid component 17 to 50 percent by weight of calcareous material, 15 to 45 percent by weight of 
siliceous material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight of inorganic fillers, 
characterized in that at least one of the slurries in the first and last slurry tanks of a cylinder mesh type Hatschek 
sheet machine is the aforementioned raw material slurry with 2 to 20 percent by weight of one or more species 
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selected from alunites and alums with a Blaine specific surface area of 4000 crn^/g or more or aluminum sulfate 
with a Blaine specific surface area of 2000 cnrVg or more added to it, and the compact obtained by Hatsche k sheet 
machine process is subjected to primary curing under conditions where 

s 

(curing temperature - 15°C) x curing time a 120 B C - hr (1) 

and then is hydrotherrnaify reacted. 

io 3. A method of manufacturing a lightweight cafdum silicate board consisting of hydrothermaliy reacting in a pressure 
vessel a compact obtained by laminating, using the Hatschek sheet machine process, a raw material slurry con- 
taining as its solid content 1 7 to 50 percent by weight of calcareous material, 1 5 to 45 percent by weight of siliceous 
material, 2 to 8 percent by weight of fibrous materia], and 5 to 40 percent by weight of inorganic fillers, characterized 
in that one or more species selected from alunites and alums with a Blaine specific surface area of 4000 cmP/g or 
more or aiuminum sulfate with a Blaine specific surface area of 2000 crrfrg or more is or are appfied to the extracted 
film in a powder or slurry form at a rate of 3 to 50 gkrfi by dry solid content between the making roil and the return 
roll of the Hatschek sheet machine until the laminate attains a specific thickness, and then the compact obtained 
by Hatschek sheet machine process is subjected to primary curing under conditions where 

20 

(curing temperature - 15° C) x curing time ^ 120 • hr (1) 

and then is hydrothermalry reacted. 

& 4. A method of manufacturing a lightweight calcium silicate board consisting of hydrothermaliy reacting in a pressure . 
vessel a compact obtained by laminating, using the Hatschek sheet machine process, a raw material slurry con- 
taining as its solid content 17 to 50 percent by weight of calcareous material, 15 to 45 percent by weight of siliceous 
material, 2 to 8 percent by weight of fibrous material, and 5 to 40 percent by weight of inorganic fillers, characterized 
in that the slurry in either the first or the last slurry tank of a cylinder mesh type Hatschek sheet machine process 

30 contains more than 20 percent by weight but less than 98 percent by weight of one or more species selected from 

alunites and alums with a Blaine specific surface area of 4000 cm?/g or more or aluminum sulfate with a Blaine 
specific surface area of 2000 crr^/g or more, 2 to 8 percent by weight of fibrous material, and less than 78 percent 
by weight of components comprising one or more species selected from a group consisting of calcareous material 
and inorganic tillers, and is extracted within the scope of 

35 

(ay(b)x10a = 1 to 10 (2) 

and 

40 

(a)/(b) x 100 x (c) = SO.to 400 (3) 

where (a) is the extracted thickness of said slurry, (b) is the total extracted thickness extracted by the felt of a 
4* cylinder mesh type Hatschek sheet machine in one revolution, and (c) is the ratio (In wt%) of alunites, alums and 
aiuminum sulfate in said slurry, and the compact obtained by Hatschek sheet machine process is subjected to 
primary curing under conditions where 

so (curing temperature - 15 e C) xcuringtime S 120 8 C • hr (1) 

and then is hydrothermaliy reacted. 

5. A lightweight calcium silicate board characterized in that it is a calcium silicate board manufactured according to 
ss any one of the manufacturing methods set forth in Claims 1 to 4 and its interiaminar peeling strength is at least 
3% of its flexuraJ strength. 
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